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Abstract
We discuss the phenomenology of a light U(1) gauge boson, γB ,
that couples only to baryon number. We assume that the new U(1)
gauge symmetry is spontaneously broken and that the γB mass is
smaller than mZ . Nevertheless, we show that the model survives the
current experimental constraints. In addition, we argue that evidence
for the existence of such a particle could be hidden in existing LEP and
Tevatron data. We determine the allowed regions of themB-αB plane,
where mB is the γB mass, and where 4piαB is the squared gauge cou-
pling. We point out that in some parts of the allowed parameter space
our model can account for rapidity gap events in proton-antiproton
scattering seen at the Fermilab Tevatron.
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The standard model possesses a number of global U(1) symmetries that
are assumed to be accidental symmetries of the theory. Baryon number,
and the three types of lepton number (associated with the electron, muon,
and tau) generate these U(1) symmetries. It has been argued, however,
that global symmetries should be broken by quantum gravity effects [1],
with potentially disastrous consequences. Baryon number-violating operators
generated at the Planck scale can lead to an unacceptably large proton decay
rate, especially in some supersymmetric theories [2]. This problem can be
avoided naturally if baryon number is taken instead to be a local symmetry.
Moreover, it is not even clear whether global phase rotations are consistent
with the basic premise of local field theory [3]. For these reasons, and at the
very least for aesthetics, it is natural to wonder whether any of the global U(1)
symmetries of the Standard Model can be promoted to gauge symmetries in
a phenomenologically acceptable way.
In this letter, we will consider the consequences of gauging the U(1) sym-
metry generated by baryon number, U(1)B. We assume that the symmetry is
spontaneously broken and that the corresponding gauge boson γB develops
a mass mB < mZ . Of course, in the minimal Standard Model we cannot
gauge baryon number alone, because the resulting field theory would suffer
from gauge anomalies. However, by adding a small number of new fermions
(that we can make heavier than mtop by an appropriate choice of Yukawa
couplings), we can gauge U(1)B in an anomaly-free way. Then, the main
question of interest to us is whether the γB boson could have evaded all the
available direct or indirect means of detection. If we call the squared gauge
coupling 4piαB, then we can determine what regions of the mB-αB plane are
excluded by the current experimental constraints. Considering the assumed
lightness of the γB boson, our conclusions are somewhat surprising: there
are relatively large regions of the mB-αB plane in which our model is phe-
nomenologically allowed [4]. In addition, for some of the allowed choices of
the γB coupling and mass, our model can also account for the rapidity gap
events observed at the Fermilab Tevatron [5].
We will first concern ourselves with the γB phenomenology, and then
present an example of a simple, anomaly-free model at the end. We will see
that the γB boson is elusive for some of the same reasons that it is difficult
to detect a light gluino [6] or stop [7]. Since the γB boson couples only
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to quarks, its most important effects can be expected in the same processes
used in measuring the QCD coupling αs. Thus, we will determine the allowed
regions of the mB-αB plane by considering the following observables: the Z
hadronic width, the Z → 3 jet and Z → 4 jet total cross sections, the di-jet
invariant mass distribution in Z → 4 jets, and the hadronic decay width of
the Υ(1S). We will concentrate mostly on the region where mB >∼ 10 GeV,
and the γB boson decays to qq with the width ΓB = NFαBmB/9. The more
general case will be considered in a longer publication [8].
The Z hadronic width. The γB boson contributes to the Z hadronic width
at order αB through (1) direct production Z → qqγB, and (2) the Zqq vertex
correction. Writing these two contributions as F1 and F2, we find that the
nonstandard contribution to the Z hadronic width, ∆Γ, is positive and given
by
∆Γ(Z → hadrons)
Γ(Z → qq) =
αB
18pi
[F1 + F2] , (1)
where
F1 = (1 + δ)
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Here Li2(x) = −
∫ x
0
dt
t
ln(1 − t) is the Spence function, and δ = m2B/m2Z .
We compare this result to the uncertainty in the experimentally measured
Z hadronic width corresponding to a two standard deviation uncertainty in
the extracted value of αs(mZ) = 0.124± 0.0086 [9]. As shown in Fig. 1, this
roughly excludes the region of parameter space above αB ≈ 0.2.
Z → jets. The γB boson contributes to Z decay to four jets, via Z →
qqγB, γB → qq. In doing our parton-level jet analysis, we adopt the JADE
algorithm, in which we require jets i and j to be separated in phase space by
yij ≡ 2EiEj(1−cos θij)/m2Z > ycut, where Ei and Ej are the jet energies, and
θij is the angle between the jets. If any pair of jets has yij < ycut, then these
are combined into one jet, and the event instead contributes to the three-jet
cross section. Since two of the jets originate from the γB, the total four-jet
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cross section as a function of ycut will drop off as ycut is taken to be greater
than m2B/m
2
Z . The four-jet cross section is shown in Fig. 2 as a function of
ycut, normalized to the lowest order two-jet cross section σ0, for αB = 0.1 and
for a range of mB [10]. We compare our results to the experimental bounds
on the fraction of all four-jet events that are four-quark jet events, 9.1%
(95% C.L.) with ycut = 0.01 [11]. Comparing the γB contribution to σ4/σ0
at ycut = 0.01 to the expected four-jet QCD background (σ4/σ0)QCD ≈ 0.2
gives us the bound shown at the top of Fig. 1. For the most part, this
excludes no new parameter space beyond the region already excluded by our
analysis of the Z hadronic width.
The events that are not counted as four-jet events contribute to the to-
tal three-jet cross section, in principle yielding some enhancement over the
expected rate. However, given the large three-jet QCD background, the
three-jet analysis will not yield a further constraint.
Di-jet invariant mass peak in Z → 4 jets. The di-jet invariant mass mjj
distribution in Z-decay has been studied in searches for charged Higgs pairs,
associated light and heavy Higgs production in two-Higgs-doublet models,
and excited quark pairs that decay via q∗ → qg [12]. In these studies, peaks
in the mjj distribution from both particles were required, so that the results
are irrelevant to our problem. In principle, one can look for a peak in the
mjj distribution without any other requirements, but then one must contend
with a huge QCD background. We show the mjj distributions in Fig. 3
for various values of mB, together with the QCD background. We chose
ycut = 0.04 to optimize the signal for mB = 20 GeV. It is clear that the signal
is overwhelmed by the background. A distribution that is more sensitive to
the γB, especially for mB <∼ 30 GeV, is the distribution of the smallest
invariant mass m2min among the six possible combinations in four-jet events.
We show the distribution of ymin = m
2
min/m
2
Z in Fig. 4. The background
dominates the signal by more than a factor of 7, even on the peak. Moreover,
the peak will be further smeared by hadronization effects and the resolution
of the hadron calorimetry. Therefore no practical constraint exists from the
mjj distribution. The search for a peak in the mjj distribution at hadron
colliders is probably hopeless, given the much larger backgrounds.
Υ(1S) Decay. The decay of Υ(1S) is another place to look for the effect
of the γB boson, through its contribution to RΥ = Γ(Υ→ hadrons)/Γ(Υ→
3
µ+µ−). The constraint that we obtain depends on whether γB appears as a
real particle in the final state (when mB < mΥ) or not (when mB > mΥ).
In the case where mB > mΥ, the most stringent constraint comes from the
additional contribution to the Γ(Υ → hadrons) from s-channel exchange of
the γB boson. This additional contribution is
∆RΥ =
4
3

αB
α
m2Υ
m2B −m2Υ
+
(
αB
α
)2 ( m2Υ
m2B −m2Υ
)2 , (4)
where α is the fine-structure constant. This result includes the interference
with s-channel photon-exchange [13]. The measured QCD coupling from
Υ decay is αs(mZ) = 0.108 ± 0.010 [9], which implies ∆RΥ < 17.2 at two
standard deviations. The resulting constraint on the free parameters of our
model is mB > mΥ
√
1 + 43.8αB which is shown in Fig 1. For the case where
mB < mΥ, the same argument gives us the constraintmB < mΥ
√
1− 33.2αB,
also shown in Fig. 1. For mB < mΥ, another possible constraint comes from
the decay Υ→ γBgg. In the limit mB ≈ 0, we obtain the limit αB < 0.149.
Since this constraint is weaker than those discussed above we have not shown
it in Fig. 1. The CP-even excited states χb0, χb1, χb2 can decay into a real γγB
final state, so that a search for a monochromatic photon may also exclude
some portion of the parameter space. This requires a more careful study,
and will be discussed elsewhere [8].
If mB >∼ 20 GeV, all analyses of αs based on deep inelastic scattering
data, the lattice QCD calculations of the quarkonia spectrum, and the τ
hadronic decay width, will remain unaffected by the existence of the γB. It
is worth pointing out that these measurements tend to give smaller values
of αs compared to the value extracted from measurements made at LEP,
in particular, from the measurement of Γ(Z → hadrons). Since the γB
boson provides an additional positive contribution to Γ(Z → hadrons), the
data may be viewed as suggesting its existence [14]. However, since the
various measurements of αs(mZ) seem to be converging, we feel that it is
a more conservative approach to restrict the parameter space of our model
based on the experimental data, rather than to predict specific experimental
anomalies.
Finally, we discuss signatures of the γB boson that might be discerned
by further study of existent accelerator data. In recent analyses of four-jet
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events [15], the QCD group theory factors NC and TF were fit using the θBZ
and θNR distributions [16]. The γB contribution leads to an enhancement in
the number of qq¯qq¯ final states, similar to the signature of an abelian gluon.
The fits allow TF to be roughly twice as large as the QCD prediction, which
would allow us to exclude the region above αB ≃ 0.1 if ycut ≃ m2B/m2Z (see
Fig. 3). However, the results in Ref. [15] for ycut = 0.01–0.03 correspond to
mB in the range 9–16 GeV, which is already excluded down to αB ≈ 0.04 by
the constraints from Υ-decay. Thus, the data must be re-analyzed for larger
ycut (up to ≈ 0.12) before we can put further constraints on themB-αB plane.
The absence of a next-to-leading order calculation of the QCD background,
and the lower statistics at higher ycut will present the main problems in this
analysis.
Perhaps the most interesting potential signal of the γB boson is events
with large rapidity gaps ∆ηc in hadronic collisions, which are expected when
scattering proceeds by color-singlet exchange. At the Tevatron, rapidity
gap events have been searched for at ET > 30 GeV and ∆ηc > 3. In the
large gap limit (∆ηc >∼ 4), two-jet events are dominated by qq¯ scattering via
gluon exchange because the center-of-mass energy of the subprocess grows
exponentially with ∆ηc,
√
sˆ = 2ET cosh∆ηc/2. The ratio of the events via
γB exchange to those by gluon exchange is (α
2
B/18α
2
s)(1+m
2
B/E
2
T )
−2. Given
an estimate of the survival probability of the rapidity gap, S ≃ 0.1–0.3 [17],
the contribution of γB exchange to the rate of events with a large rapidity
gap is
f(∆ηc > 4) ∼ (0.1–0.3)
4× 10−2
(1 +m2B/E
2
T )
2
(
αB
0.1
)2
. (5)
The rate is remarkably close to the experimental observations [5] when αB ≃
0.1 and mB <∼ 30 GeV. While it has been suggested that the data could be
explained by the exchange of a QCD pomeron [18], it is tempting to speculate
that γB exchange might instead be the origin of the events with large rapidity
gaps [19].
Finally we present one simple extension of the Standard Model in which
U(1)B is gauged in an anomaly-free way. To gauge the baryon number cur-
rent, we need to introduce additional fermions to cancel the U(1)B SU(2)
2
L,
U(1)B U(1)
2
Y , U(1)
2
B U(1)Y and U(1)
3
B triangle anomalies. To do so, we intro-
duce NQ families each consisting of an SU(2) doublet of left-handed fermions
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QL = (UL, DL) with zero hypercharge, and two SU(2) singlet right-handed
fermions, UR and DR with hypercharges 1/2 and −1/2, respectively. We
assume that these new fermions acquire degenerate Dirac masses from elec-
troweak symmetry breaking (so that there will be no contribution to the T
parameter). Assuming a common baryon number BQ for each of these fields,
all anomalies cancel when BQNQ = −3. [20]. It is noteworthy that this par-
ticle content is exactly what is found in a minimal one-doublet technicolor
model [21], with or without fundamental scalars [22]. The constraint from
the S-parameter [23] Snew = NQ/(6pi) < 0.46 (95 % C.L. [9]) can be easily
met when BQ >∼ 0.35.
Since we have assumed that the γB boson becomes massive through spon-
taneous symmetry breakdown, there is also an associated Higgs boson. How-
ever, since we do not know the Higgs boson’s baryon number BH , or its
quartic self-coupling λ, we cannot predict its mass ∼ λmB/(
√
4piαB BH).
Notice that if we let BH → 0, we can make the Higgs mass arbitrarily large.
If we assume BH = 1/3 and λ ≈ 1, then the mass of the Higgs boson will
be around the 100 GeV scale. The Higgs bosons decays into a real γBγB
pair, and thus, to four jets. It can be copiously produced by γB fusion in qq¯
collisions or by the Bjorken-like process qq¯ → γ∗B → γBH , but the final state
is completely hadronic, and the signal is difficult to see. It is important to
note that the baryon number current is still conserved even after the spon-
taneous breakdown of U(1)B. Therefore there is no constraint from proton
decay experiments.
Conclusions. We have shown that a new light U(1) gauge boson γB
coupled to the baryon number is consistent with all existing experimental
constraints. The allowed region of the model’s parameter space corresponds
roughly to mB >∼ 20 GeV and αB <∼ 0.2. We have pointed out that the
rapidity gap events observed at Tevatron may be a manifestation of γB.
We have also shown that the gauge anomalies can be canceled easily by
introducing a small number of new fermions, with exactly the same quantum
numbers as in a minimal one-doublet technicolor model.
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Figure Captions
Fig. 1. Allowed regions of themB-αB plane at 95 % C.L. or two standard
deviations. The bounds shown come from (1) the Z hadronic width, (2) the
fraction of four-quark jet events in four-jet events, (3) the hadronic decay
width of the Υ(1S). The parameter space above each of the lines shown is
excluded, and the weaker constraints discussed in the text are not shown.
Fig. 2. Four-jet cross section as a function of ycut for αB = 0.1, normal-
ized to the leading two-jet cross section.
Fig. 3. Di-jet invariant mass distribution in four-jet events, for αB = 0.1
and ycut = 0.04, normalized to the leading two-jet cross section.
Fig. 4. Four-jet differential cross section as a function of ymin for αB =
0.1, normalized to the leading two-jet cross section.
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